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    The Red sea zone is a unique arid environment, with the population severely, 
poverty stricken in most areas. Humans and animal alike face freshwater 
scarcity, food shortage and malnutrition. As possibility is remote for providing 
food in the area using fresh water, an experiment was carried out to appraise the 
possibility of using Red sea water instead. 
The experiment was carried out in faculty of agriculture (University of 
Khartoum). Three types of plants which are known to be tolerant to saline water 
were selected for this study: Barely (Horedum Vulgare.L), purslane (Portulaca 
oleraceae), and bermuda grass (Cyndon dactylon). 
Two experiments were carried out, the first a laboratory experiment to test the 
effect of salinity on seed germination and the second a pot experiment for 
studying the effect of salinity on plant growth. For studying germination filter 
papers on Petri dishes were wetted by Red Sea water mixed with freshwater at 
different EC levels ranging from 0.4 to 34.4 dSm-1. The dishes were arranged in 
completely randomized deign (CRD).For the pot experiment the split plot design 
was chosen for the study of the effect of salinity of irrigation water on plants 
growth for two seasons. Different levels of mixed water were assigned the main 
plots and the two types of soil (sandy soil and loamy sand soil) the subplots; 
each treatment was replicated three times. Layouts were similar in two growing 
seasons (winter and summer seasons). 
    The germination test experiment showed that seeds germinated at mixed 
water levels having EC 31.8 dSm-1, 19.3 dSm-1 and 19.3 dSm-1 for barely, 
purslane and bermuda, respectively, but the seeds failed to germinate at mixed 
water levels having EC 34.4 dSm-1, 21.6 dSm-1 and 21.6 dSm-1 that for barely, 
purslane and bermuda, respectively. The pot experiment showed that the plants 
grow satisfactorily up to EC 19.3 dSm-1, 19.3 dSm-1 and 28.7 dSm-1 for barely, 
 V
bermuda and purslane, respectively, but barely and bermuda were very poor at 
EC 28.7 dSm-1. It has been found that plant seed germination and plant growth 
significantly (P > 0.01) decreased with increased Red sea water in the irrigation 
water depending on the type of plant.  
Comparison between effects of soil on plant growth irrigated with saline water 
showed that soil type had a highly significant effect (P > 0.01). The loamy sand 
soils supported taller plants with higher dry and fresh weights than those grown 
on sandy soils. However all plants were taller in winter as compared to summer 
season, but, fresh weight of purslane and bermuda was higher in summer, 
contrary that of barely which was higher in winter. 
The experiment showed significant increase (P > 0.01) in soil ECe and SAR 
when the salinity of irrigation water was raised; however, the soil pH recorded 
was less than 8. No significant differences (P ≤ 0.05) were observed between 
soil types with respect to ECe and SAR. 
This study recommended blending Rea sea water with freshwater for irrigation 
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Water is the basic element of life. God Almighty expressed its importance in 
the Holy Koran in a verse which means: And from water We created every 
living thing. No other environment in the world is suffering more than desert 
environment from the lack of water. This is the major reason behind 
unsustainable farming and poverty in many arid countries of the world 
(Mcintoch et al. 2004). 
The Red sea is one of the most severely affected areas by drought and 
desertification in the Sudan. The population there is cronically poverty stricken, 
disease ridden, with hunger and malnutrition devastating the whole area. 
Between years 1980 to 1996, the Red sea area witnessed 10 famines (Khojali 
2004); the drought of 1999 persisted through 2000 and into 2001. The area 
received little or no rain for three consecutive years (Mcintoch et al.2004). 
The decreasing availability of fresh water for agricultural use is a problem 
common in the area that aggravates the severe food shortage. Little, if any 
irrigation is practiced for crop production. Crop yields are, however, higher 
under irrigation and are less dependent on the effect of weather. 
Seventy percent of the planet earth is covered with water, most of which is sea 
water. The increasing number of earth’s inhabitants makes it imperative to tap 
this hudge water resource. The water dilemma in short, only less than one 
percent of world’s surface or below-ground water is available as fresh water 
suitable for human and crop use. About 70 percent of all fresh water is used for 
agriculture (UNEP 2003). 
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Competition for this tiny and finite amount of fresh water is fierce. One rather 
remote possibility is to tap the vast sea water such as the Red sea water resource 
for food production. 
There is no work in the Sudan on irrigation with pure sea water although there 
are many attempts in this respect abroad (Epstein et al. 1980).There is therefore, 
a need for investigation of the use of sea water for plant growth. 
This is advisable because fresh water is scarce especially in the Red sea area 
where rain fall can not support plant growth although the main occupation of 
rural and nomadic people there is pasturalism and dry farming. Any attempt to 
improve plant growth through increased water supply can be useful in 
combating desertification and in the alleviation of poverty. 
The objectives of this study are therefore: 
(1) Study the effect of different mixed seawater: freshwater ratios on the growth 
of some salt tolerant grain, vegetable and forage crops. 
(2) Determine the threshold limits of mixing seawater with freshwater to sustain 
acceptable crop growth. 














2.1 Desertification Processes as Related to Salinity 
  Desertification is defined as the land degradation in arid, semi-arid and dry 
sub-humid areas, resulting from various factors, including climatic variation, 
and human activities (UNCCD 1994). 
About 70 percent of dry lands used for agriculture are already degraded. More 
than 110 countries have land at risk of desertification (UNCCD 2003). 
Large parts of the world are covered by arid and semi-arid regions. The Main 
characteristic of the arid regions is that they have low erratic rainfall in which, 
during the greater part of the year, precipitation is less than potential 
evapotranspiration (Salih 1996). This is the major reason for salinity in arid 
regions. 
Salinity on the other hand is regarded as one of the main factors that contribute 
to desertification processes (FAO and UNEP 1984). Salinization restricted 
about one third of the world’s land and renders about half of the land in semi-
arid and coastal regions barren and unsuitable for many corps yield (Kozlowski 
1997).  
Saline soils are known to exist everywhere throughout the world, particularly in 
arid and semi-arid regions. The great majority of these areas appear to have 
been affected by excess soluble salts for thousands of years (Peck 1973). The 
evidence suggests that salinity therein results from human activities (Jacobsen 
and Adam 1958) and/or from environmental problems (Reeve and Fireman 
1967)  
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Salinity in agricultural land is usually confined to arid and semi-arid regions 
where rainfall is not adequate to leach salts from the plant root zone (Al-Jaloud 
and Hussain 2004). 
Salinity has been shown to affect the time and rate of germination, the size of 
plant, branching, leaf size, and over all plant anatomy (Poljakoff-Mayber and 
Gale 1975). 
Richards et al. (1969) classified salt affected soils into three major categories:- 
A) Saline Soils 
Saline soils are defined as those having an electrical conductivity of the 
saturation extract (ECe) greater than 4 dSm -1 and an exchangeable sodium 
percentage (ESP) less than 15. 
The pH of saturated soil paste of noncalcareous soils is usually less than 8.2. 
These soils have good permeability for water comparable to normal soils, no 
dispersion, good aeration, and neutral or near neutral pH. Their harmful effect 
on plants is caused by decreasing the osmotic potential of soil water, and 
through toxicity of specific ions mainly (Na, Cl, B,..etc) (Abrol et al. 1988). 
However, irrigation water having appreciable salt concentration contribute to 
secondary soil salinity (Doneen 1967, 1970). 
The total concentration of soluble salts can be adequately expressed for 
purposes of diagnosis and classification in terms of electrical conductivity. 
B) Sodic Soils (Non Saline Alkali Soils)  
 Sodic soils are defined as those whose ESP is greater than 15 and in which 
the conductivity of saturation extract is less than 4 dSm -1     
The pH of these soils usually ranges between 8.5 and 10 due to hydrolysis of 
adsorbed sodium in the absence of electrolytes in the soil solution. 
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These soils are dispersed, have poor aeration, and permeability of soils to 
water is, therefore, restricted.  
Effects of excess exchangeable sodium on plants is due to nutritional 
imbalance and toxicity of specific ions mainly (Na, CO3, Mo,..etc) 
On irrigation by sodic water, the soils tend to disperse and become easily 
puddled when wet and form hard surface clods when dry (Doneen,1967, 
1970). 
C) Saline Sodic Soils (Saline Alkali Soils) 
  The conductivity of the saturation extract of saline sodic soils is greater 
than 4 dSm -1    and their ESP is greater than 15. 
The pH of these soils is usually less than 8.5, because in the presence of 
excess salt, adsorbed sodium does not readily hydrolyze ( Kamil and 
Shainberg1968). 
2.3 Red Sea Environment 
2.3.1 The Area  
      The Red sea is a narrow elongated body of water running NNW -SSE 
between the land masses of Africa and Arabia (Morocs, 1970). It extends 
southeast-northwest between 120 N, 430 E and 300 N, 320 E (PERSGA 
2001). It branches at its northern end in to the Gulfs of Suez and Aqaba 
while, in the south, it meets Gulf of Aden and the Indian Ocean (Morocs, 
1970). The Red sea is approximately 2000 km long and is about 280 km 





  The coasts of the Red sea extend through a vast area of desert and semi-
desert land called Tohama (PERSGA 2003), typically bounded by narrow 
(1- 50 km) coast strip, backed by high hills which rise to 3000 m in some 
regions (Cox 1931; Guilcher 1955; Allan and Morelli 1970; Brown 1970; 
and Dubertret 1970) 
Maritime salt marshes are chiefly dominated by mangrove species, the most 
important of which are Avicennia marina and Rhizophora mucronata 
(Chapman 1970). 
2.3.3 Ecological System 
  The red sea is a unique tropical marine system which is characterized by 
highly diversified, rich and varying fauna and flora. This ecosystem is 
exposed to extreme natural influences: intensive sun irradiation, constant hot 
winds, and subsequent high evaporation with negligible inflow (Abu Gideiri 
1984).  
Klausewitz (1964) suggested that during its long period of isolation, the Red 
sea must have dried up sufficiently for its entire previous fauna to have been 
lost. This time of drying may well have given rise to the extensive 
evaporated deposits that provide a potential source of exploitable mineral 










In the northern Red sea the prevailing wind direction is NNW during winter 
and southerly winds that blow during summer. 
In the southern Red sea (south of 20 N) the prevailing wind direction in the 
summer is northerly whilst in the winter is SSE (UNEP 1985). 
2.3.4.2 Temperature and Rainfall 
  The warmest zone of the Red sea is between 200 N and 160 N. The shores 
of the Gulf of Aden are considered to be among the hottest regions of the 
world. 
Rainfall throughout the Red sea is very low and subject to great variation 
from year to year.Table-1 shows the average annual temperature and 
rainfall. 
Table. 1 The maximum and minimum air temperature and average rainfall 





























     2.3.5 Salinity 
 Salinity and temperature of water are higher than in other seas of the world 
(Abu Gideiri, 1984).Salinities of 41x103mg/dm3 (64.1 dSm-1) are common in 
subsurface water at the north end of the Red sea and this decreases steadily 
to 36 – 37 x103mg/dm3 (56.3 – 57.8 dSm -1) in the Gulf of Aden, because of 
the influence of water exchange in the southern Red sea and a higher level of 
fresh water input. The salinity, at any latitude, is higher in autumn than the 
spring (Morocs 1970). 
     2.4 Saline Agriculture 
  Secondary salinization in irrigated agriculture is increasing rapidly all over 
the world. This situation coupled with a fast increase in food demand 
prompted several attempts to alleviate the problem. There has been some 
interest in the use of seawater, or very saline ground water for irrigation, 
either undiluted or diluted to stretch the use of the scarce freshwater 
supplies. Some experiments with saline irrigation water or even using 
seawater have been encouraging (Daoud 2004). 
Of the means available to augment natural resources of sweet water, 
desalting has aroused the greatest interest in early years (MacAvoy 
1969).There is unquestionable  and unlimited supply of seawater and the 
possibility for desalting seawater to produce fresh water for large-scale 
commercial agriculture is frequently studied especially in the Middle East 
(Eisenhower 1968). Although desalting seawater is technically feasible the 
cost of the water delivered to the land where it can be used is, usually, 
economically not feasible (Clawson et al. 1971). Many workers such as 
Mudie et al. (1972) investigated the possibility of irrigation with highly 
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saline water, including seawater, and later Mudie (1974) computed the 
economic potential of growing halophytes. 
Epstein et al. (1980) selection of barely, obtained from composite crosses, 
was successful when grown in sand dunes and irrigated with water from the 
Pacific Ocean. All cultivars grew and produced grain of good feed quality. 
There is evidence of considerable genotypic diversity with respect to plant 
tolerance of seawater. An experiment was carried out on 70 selected strains 
of barely subjected to different levels of salinity. Several of these genotypes 
produced 2 -3 tons/ha at 15 dSm -1 (ICBA 2003).  
2.5 Plants Tolerance to Salinity 
 The plants differ in their response to excessive salts and to specific ions. 
Also crops may be sensitive at an early growth stage, and may be tolerant 
during another stage (Carter et al. 1964). 
Generally well-established plants are usually more tolerant to salinity than at 
germination or early seeding stage (Bernstein 1964; Al-Jaloud and Hussain 
2004). Salinization resulted in generally delayed seed germination (Unger 
1991; Zekri 1993 and El Nour et al. 2006). These workers found that high 
NaCl concentrations reduced growth of plants of all species, which broadly 
match results obtained by Gale et al (1970), Kelly et al. (1982), Glenn and 
O’Leary (1984), Gorham (1996), Harrouni et al. (1999), Daoud et al. (2001) 
and Harrouni et al., (2001). 
Iranian farmers application of brackish water resulted in decreased relative 
yields which decrease with increase of water salinities (Alizadeh et al.2004).  
Studying climatic condition interaction with salinity, Gale et al. (1970) 
found that the plants were taller in humid chamber than in dry chamber. 
Plants in the dry chamber were, however, much leafier than those in the 
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humid chamber, and the dry weight ratio of leaves to stem in the dry 
chamber was greater than those of the humid chamber. Meiri and Poljakoff-
Mayber (1970) showed that the leaf area of bean plants growing in NaCl 
salinized substrate decreased, but the more juvenile the leaf the less was the 
effect of salinity. 
Strogonov, (1962) found inhibition of growth in tomatoes grown in chloride 
soils, and the fruit weight was reduced 90%. This worker also found that 
NaCl caused succulence in tomato, cotton, and salicornia (Salicornia 
herbancea). On the other hand Udovenko et al. (1970) grew wheat in NaCl, 
Na2SO4 salinized soils using relatively salts tolerant varieties. They did not 
find any increase of succulence, and suggested the possibility of different 
responses to salinity in mono-and dicotyledonous plants. 
Ahi and Power (1938) grew some plants irrigated by diluted seawater and 
obtained less growth damage in cool than in hot greenhouse. Similar results 
were obtained by Bernstein and Ayers (1951-1953) with vegetable crops. 
These findings support those of Ehlig (1940) who reported no sign of 
damage of such plants grown below 32.20C, but damage was extensive 
above this temperature, and he observed extensive salinity damage in plants 
during summer with little or no damage during the winter season. On the 
other hand Wall and Hartman (1942) and Brouwer (1963) found no effect 
indicating a genuine climate-salinity interaction, and reported that it is not 
always clear which climatic factor was involved (day length, temperature, 
light intensity etc...). 
However, temperature is an important environmental factor as it is well 
known to affect movement of water and hence soluble salts in soil, uptake of 
salts, and evapotranspiration. 
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  2.5.1 Barely (Horedum vulgare.L) 
  Barely is one of the most important cereal crops of the world, and is grown 
throughout the more temperate regions, and can stand more heat under semi-
arid than under humid countries. In the warmer climates the crop is sown in 
the fall or winter. Barely is described as the most dependable cereal under 
extreme conditions of alkalinity, frost, or drought (Leukel 1930).Well 
drained loam soils are the best for barely production (Martin and Leonard 
1959). 
Barely is an ancient crop of the Middle East, grown in winter on irrigated 
land and on rain fed land. It is extensively grown on the very salty irrigated 
lands and is more dependable than other cereal crops in areas of marginal 
moisture supply (Clawson et al. 1971). 
Barely is the most salt-tolerant crop grown on a large scale, and is widely 
used in fields reclaimed from saline waste land and on fields being salted-
out by various irrigation practices (Kelly et al. 1979 and Jacobsen and 
Adams 1958). 
Barely was subjected to many genetic and physiology studies for tolerance 
of excess salts and variability within the species was found extensive (Briggs 
1978). 
2.5.2 Purslane (Portulaca oleracea) 
 Purslane is a common trailing weed on sandy ground and in improved 
strains used a pot-herb, very obtuse, thick, dull green, sensitive to  tough, 
widely distributed in many countries (Bailey 1947). 
It belongs to the family Portulacaceae, grows in wild land or cultivated 
marginal fields. Its leaves and stems are very fleshy and succulent, used as 
vegetable; leaves and tender shoots are cooked or eaten as green. It grows 
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well in hot weather and can be injured by cool weather (El Degwy 1996). 
Hassan (1991) stated that Purslane is very tolerant for soil salinity. 
   2.5.3 Bermuda grass (Cyndon dactylon) 
 Bermuda grass is a member of useful tropical pasture grasses which make 
very satisfactory animal fodder (Massefield 1955). 
It is a perennial rapidly growing rooting runner, leafy with flowering stems, 
with excellent nutritive value. It grows in moist warmer regions of the 
world, and its propagation is usually effected by means of creeping stems 
(Edwards and Bogdan 1951). It is an important summer-pasture plant in 
some parts of north America, either alone or in mixture. It becomes wiry and 
tough as it approaches maturity (Martin and Leonard 1967). 
 Bernsten (1964) found that bermuda grass is highly tolerant to salinity, the 
yield only decreases 25% at ECe 15.5 dSm -1. 
Bermuda grass is characterized by deep roots with strongly creeping stems, 
long linear smooth and dark green leaves, formed by seed but it is usually 
propagated by cuttings. Together with fact that it  is best adapted to warm 
and moist climate, it is also drought resistant and can be grown on all soils 
but grows best in heavier types (Hall 1948).  
  2.6 Irrigation with Saline Water 
Appraisal of quality of irrigation water is an important consideration on any 
irrigated field.  
High salinity of irrigation water can cause a build up of salts in the root 
zone, particularly if the internal drainage of the soil restricted salt leaching. 
Even inadequate quality or quantity of applied fresh irrigation water can 
cause salt build up in the long term (Abrol et al.1988). 
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Water evaporates in a pure state, leaving salts and other substances behind, 
within 3 – 7 days after irrigation (Peterson et al. 1970). The problem of 
secondary soil salinization becomes more severe with increased salinity of 
irrigation water. 
Another problem develops when irrigation water contains relatively higher 
concentration of sodium than divalent calcium and magnesium ions, which 
is expressed as sodium adsorption ratio (SAR) and defined by the equation: 
                           Na  .  
                    
  SAR =          (Ca + Mg) 
                            2 
 
with the concentrations expressed in mmol (+) dm-3 
Irrigation water having high SAR can cause soil sodicity. Coupled with high 
salinity it can make the soil of the saline-alkali type (Richards et al., 1969). 
 2.7 Water Quality investigations 
The quality of irrigation water is judged not only by the total salts 
concentration, but by the kind of salts it contains and the individual ions 
involved. (Richards et al.1969) placed irrigation water into three broad 
classes based on interaction of total salt concentration and SAR, and graded 
the degree of salinity hazard; 1 – 2.5, 2.5 - 7.5, 7.5 – 22.5, and > 22.5 dSm-1 
are low, medium, high, and very high, respectively, and classified SAR 
(alkali) hazard: 0 – 10, 10 -- 18, 18 – 26, and > 26 are low, medium, high, 
and very high, respectively. 
Also Ayers and Westcot (1985) divided water quality into three degrees of 
severity: less than 0.7 dSm -1 as none severity, 0.7 dSm -1 to 3 dSm -1 slightly 
to moderate and greater than 3 are severe. They classified the specific ion 
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toxicity (affect on sensitive crops) using SAR of surface irrigation water: 
less than 3 none severity, 3 to 9 slightly to moderate and greater than 9 are 
severe. 
These divisions are some what arbitrary since change occurs gradually and 
there is no clear-cut breaking point. Even though they were adopted by 
Abrol et al. (1988). 
Eaton (1949) suggested that water containing carbonate-bicarbonate that 
exceeds the Ca plus Mg results in increasing Na hazard and designed this as 
Residual Sodium Carbonate (RSC) defined by the formula:- 
                             RSC = ( CO3 + HCO3 ) – ( Ca + Mg ) 
Wicox et al. (1954) found that waters containing more than 2.5 me/L of RSC 
are not suitable for irrigation, those containing between 1.25 and 2.5 me/L 
are marginal, and those of less than 1.25 me/L are probably safe. 
2.8 Dealing with saline water 
Water scarcity and the implications of population growth are threatening all 
arid regions. Most Arab countries (67%) are receiving rain fall less than 100 
mm per year. About 15 to 17 million hectares of land per year were not 
utilized due to in adequate water resources (AOAD 2003). 
An alternative approach for irrigation with saline water is to adopt the 
system commonly used by Iranian farmers, using water supplied qanats and 
water wells  having EC ranging from < 5 to 11.8 dSm -1 (Aliazadeh et 
al.2004).  
Other practices of blending fresh water and saline water to keep the salt load 
in the soil within acceptable limits were practiced in the Cholistan desert in 
Pakistan (Kahlown and Akram 2004). 
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Earlier (Ahi and Powers 1938) grew halophytes with dilution of seawater. 
Doud et al. (2004) has grown eight halophytic species on five salinity levels 
of dilution of seawater, namely, tap water (control),25, 50, 75 and 100% 
seawater; the result showed an increase in dry weight yield in low and 
moderate salinity levels.  
Salinity of seawater exceeds the limit tolerated by conventional crop yields. 
An alternative method is the domestication of naturally occurring halophytes 
having different levels of salt tolerance (Glenn et al. 1993). 
Use of sea water in agriculture has led to more emphasis on fresh water 
conservation as found in experiments conducted in United Arab Emirates 
(Riley et at.1994). Magboul (2004) has grown salicornia species using sea 
water of the Arabian Gulf.  
2.9 Soil texture, Irrigation and Salts Interaction 
Coarse-textured soils will allow soil salinity to be maintained at acceptable 
level for higher crop yields, because the processes of salt accumulation will 
be significantly lower due to higher water intake rates and salt leaching and 
the low capacity for salt accumulation (Al-Jaloud and Hussain 2004). 
In sandy soils, most of the pores are relatively large, only a small amount of 
water is retained, unlike the fine-textured soils which will have greater water 
content at a given water suction. The hydraulic conductivity downwards in 
sandy soils is greater than that of clayey soils (Hillel, 1971) and the 
conductivity decreases with decreasing concentration of electrolytic solutes 
especially in fine textured soils (Reeve 1957).Light textured soils having a 
clay content of less than 10% will be suitable for growth of most semi-
tolerant and tolerant crops. These are expected to have excellent growth on 
irrigation by water having EC 6 to 8 dSm -1 (Bhumbla and Abrol 1972). 
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2.10 Drainage 
Drainage is important to limit excessive amount of water in the rooting zone 
that hinder the removable of excess salts (Richards et al.1959; Fireman 
1957). The irrigation without drainage can cause unduly rise of water table 
(Dutt and Tanji 1962; Donen et al. 1967; Al-Jaloud and Husain 2004)). 
2.11 Leaching Requirements 
Leaching requirement is defined as the fraction of irrigation water that 
must be leached through the root zone to control soil salinity at any specific 
level (Richards et al.1969; Thorne and Peterson 1954; Wilcox and Resh 
1963; Husain et al.;1988; Al-Jaloud 1994) The concept is derived from the 
equation:- 
     LR =   Dd .  =    Ci . 
                Di           Cd                 
              
Where: 
LR = Leaching Requirement. 
Dd and Di = Depth of drainage water and Irrigation water. 
Cd and Ci = Salts concentration of drainage water and Irrigation water. 
When mixing with rainfall or freshwater the average concentration of mixed 
irrigation water can be defined as follow:- 
                       Cir =   Ci Di  + Cr Dr  . 
                                      Di + Dr                     
Where: 
Cir = Salt concentration of mixed irrigation water. 
Di and Ci = Depth and Salt concentration of irrigation water. 
 Dr and Cr = Depth and Salt concentration of rain or fresh water. 
 Richards et al. (1969) considered that leaching requirement depends upon:- 
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1) Salts concentration of irrigation water. 
2) The maximum concentration of the soil solution. 
3) The amount of water extracted by evaporatranspiration. 
4) The salt tolerance of crops. 
 
They thus developed the equation: 
di =  (      Ed    )dei 
        ( Ed  -  Ei )                        
                                                  Where:- 
di = Depth of irrigation water. 
dei = Equivalent depth consumptive use by plant. 
Ed and Ei = Electrical conductivity of drainage water and Irrigation water. 
This equation found an agreement by Van der Molen (1956) using Dutch 














Materials and Methods 
3.1 Experiment Description 
3.1.1 General 
Two experiments were carried out, the first a laboratory experiment to test the 
effect of salinity on germination and the second a pot  experiment carried out 
for two seasons: the winter and early summer of 2005/2006, for the appraisal of 
the potential use of Red Sea water for irrigation.  
The water was brought from the Red Sea at PortSudan, eastern Sudan. 
The experiment location is at Shambat, in the horticulture Orchard of the 
Faculty of Agriculture (University of Khartoum) latitude 150 14/ N, longitudes 
320 32/ E. 
3.1.2 Plant Material 
Three types of plants which are highly tolerant to salinity were selected for this 
study and their seeds were purchased from the local Khartoum market. 
1- Barely Horedum Volgare.L, to represent cereal crops. 
2- Purslane Portulaca oleraceae, to represent vegetable plants. 
3- Bermuda grass Cyndon dactylon, to represent pasture crops. 
3.1.3 Soils Material 
Two types of soil that have good permeability were brought from West 
Omdurman, namely, a sandy soil and a loamy sand soil. 






Table 2 Main physical and chemical properties of the soils used. 
Chemical Properties  Texture Soils Type 
ECe SAR pH F.C* Sand% Silt% Clay% 
Sandy soil 















* F.C = Field Capacity 
3.1.4 Irrigation Water   
Red Sea water was mixed with freshwater (EC 0.4 dSm-1) to attain different 
levels of salinity for irrigation of the selected types of plants at germination 
in the laboratory and at different stages of vegetative growth in pots. 
The Seawater was analyzed for the main cations and anions and EC can be 
seen in Table 3. 







Na Ca Mg K T.D.S Cl CO3 HCO3 SO4 
653 28 121 138.1 922.1 835 - 14.7 72.4 
 
57 
3.2 Method and Layout of Experiments  
3.2.1 Germination Test 
Filter papers on Petri dishes were wetted by Red Sea water mixed with 
freshwater at different EC levels. 
The dishes were arranged in completely randomized deign (CRD) in a 
laboratory at the Faculty of Forestry, University of Khartoum at 250C on 8th 
September 2005.  
The experimental layout of different crops was as follows: 
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3.2.1.1Barely 
Five levels of mixed water, each replicated four times (20 Petri dishes) were 
layed out in a CRD design as follows:- 
B D A C E 
D C B E A 
C A D B E 
B A C E D 
 
Level A = 0:1 (Seawater: Freshwater), EC = 0.4 dSm-1 as Control. 
Level B = 2:9 (Seawater: Freshwater), EC = 10.7 dSm-1 
Level C= 3:5 (Seawater: Freshwater), EC = 21.6 dSm-1 
Level D= 5:4 (Seawater: Freshwater), EC = 31.8 dSm-1 
Level E = 3:2 (Seawater: Freshwater), EC = 34.4 dSm-1 
Each Petri dish contains 10 seeds.  
3.2.1.2 Purslane 
Five levels of mixed water, each replicated four times (20 Petri dishes) were 
layed out in a CRD design as follows: 
D E A C B 
A C E D B 
B D A C E 
E A B D C 
Level A = 0:1 (Seawater: Freshwater), EC = 0.4 dSm-1 as Control. 
Level B = 1:8 (Seawater: Freshwater), EC = 6.7 dSm-1 
Level C= 2:7 (Seawater: Freshwater), EC = 13 dSm-1 
Level D= 1:2 (Seawater: Freshwater), EC = 19.3 dSm-1 
Level E = 3:5 (Seawater: Freshwater), EC = 21.6 dSm-1 
Each Petri dish contains 50 seeds.  
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3.2.1.3 Bermuda 
Five levels of mixed water, each replicated four times (20 Petri dishes) were 
layed out in a CRD design as follows:- 
B D A C E 
D C B E A 
C A D B E 
B A C E D 
 
Level A = 0:1 (Seawater: Freshwater), EC = 0.4 dSm-1 as Control. 
Level B = 1:8 (Seawater: Freshwater), EC = 6.7 dSm-1 
Level C= 2:7 (Seawater: Freshwater), EC = 13 dSm-1 
Level D= 1:2 (Seawater: Freshwater), EC = 19.3 dSm-1 
Level E = 3:5 (Seawater: Freshwater), EC = 21.6 dSm-1  















3.2.2 The pot Experiment 
Seven kg lots of each of the two soils were placed in cylindrical glazed iron 
pots, 17 cm in height and 20cm internal diameter. The soils were packed, by 
gentle tapping, making soil columns inside pots of 13cm height. This gives a 
dry soil bulk density of approximately 1.7g cm-3. The top 4 cm of pots were 
left for irrigation water. Twenty four such pots were prepared for each of the 
two soils corresponding to the experimental treatments; namely, four water 
treatments x two soils x 3 replicates. The pots were arranged in a split plot 
design in the horticultural orchard of Faculty of Agriculture, University of 
Khartoum. The main plot was assigned to sea water treatment and the sub 
plot to the soil type. Three setups of this experiment were repeated three 
times (replicates) for investigating the effect of irrigation water salinity on 
the growth of barely, purslane (portulaca) and bermuda grass. Twenty seeds 
of barely, 50 seeds of purslane and 250 Seeds of bermuda grass crops were 
sown in each pot and each was irrigated during the first week of germination 
by a mixed 1:14 (Sea water: Freshwater) having EC = 4.2 dSm-1 . Irrigation 
water treatments used were control = 0.4 dSm-1 and saline water having 
different EC for different crops ranging between 6.7 to 28.7 dSm-1, shown in 
detail in sections 3.2.2.1-3. 
Plants of each crop were thinned to similar stand in each pot one week after 
germination and irrigation was then started using waters of different 
salinities. The irrigation interval chosen was 48 hours. 
The water quantity used every 48 hours was 750 cm3 and 1250 cm3 for the 
sandy and loamy sand soils respectively, to meet crop needs and an 
approximately 105% leaching requirement. 
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The experiment was carried out for two seasons: A winter season starting 28 
November 2005 and a summer season starting 9 March 2006, maximum and 
minimum temperatures during the two seasons are shown in Table 4.  
 


































(Source Meteorological El-Kadaro) 
 
Detailed description of the experiments is given in the following sections. 
3.2.2.1 Barely 
The split plot design chosen for the study of the effect of salinity of 
irrigation water on barely was as follows: 
Four levels of mixed water were assigned the main plots and the two types 
of soil (sandy soil and loamy sand soil) as subplots; each was replicated 
three times (24 pots). Layouts are similar in two seasons (winter and summer 







S1 R1 S2 R2 S2 R3  Level A 
 S2 R1 S1 R2 S1 R3 
S2 R1 S2 R2 S2 R3 Level B 
 S1 R1 S1 R2 S1 R3 
S1 R1 S1 R2 S2 R3 Level C 
 S2 R1 S2 R2 S1 R3 
S2 R1 S2 R2 S1 R3 Level D 
 S1 R1 S1 R2 S2 R3 
 
Level A = 0:1 (Seawater: Freshwater), EC = 0.4 dSm-1 as Control. 
Level B = 1:5 (Seawater: Freshwater), EC = 9.8 dSm-1 
Level C= 1:2 (Seawater: Freshwater), EC = 19.3 dSm-1 
Level D= 1:1 (Seawater: Freshwater), EC = 28.7 dSm-1 
S1 and S2 = Sandy and loamy sand soil. 
R1, R2, and R3 = Pot replicates 1, 2, and 3. 
Seeds weight in each pot were approximately 63.6 kg/ha and the space 
between seeds was approximately 4 cm. An NPK fertilizer (17: 17: 17) was 
applied three times: after 15, 30, and 45 days from germination at the rate of 
223 kg/ha. 
3.2.2.2 Purslane 
The split plot design chosen for the study of the effect of salinity of 
irrigation water on purslane production was as follows: 
Four levels of mixed water were assigned the main plots and the two types 
of soil (sandy soil and loamy sand soil) as subplots; each was replicated 
three times (24 pots). Layouts of the winter season was as follows: 
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S1 R1 S1 R2 S2 R3 Level A 
 S2 R1 S2 R2 S1 R3 
S1 R1 S2 R2 S2 R3 Level B 
 S2 R1 S1 R2 S1 R3 
S1 R1 S2 R2 S2 R3 Level C 
 S2 R1 S1 R2 S1 R3 
S2 R1 S2 R2 S1 R3 Level D 
 S1 R1 S1 R2 S2 R3 
 
Level A = 0:1 (Seawater: Freshwater), EC = 0.4 dSm-1as Control. 
Level B = 1:8 (Seawater: Freshwater), EC = 6.7 dSm-1 
Level C= 2:7 (Seawater: Freshwater), EC = 13 dSm-1 
Level D= 1:2 (Seawater: Freshwater), EC = 19.3 dSm-1 
S1 and S2 = Sandy and loamy sand soil. 
R1, R2, and R3 = Pot replicates 1, 2, and 3. 
For summer season the experiment was designed and carried out similar to 
that described in winter season (using level A, B, C and D) except level E 
was added making the total number of experimental pots 30. The fifth E 
level of mixed water was 1:1 (Seawater: Freshwater), EC = 28.7 dSm-1 
Seeds weight in each pot was approximately 31.8 kg/ha and the space 
between seeds was approximately 2 cm. An NPK fertilizer (17: 17: 17) was 
added 15 days after germination at the rate of 223 kg/ha. 
    3.2.2.3 Bermuda grass 
 The split plot design chosen for the study of the effect of salinity of 
irrigation water on bermuda grass growth was as follows: 
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Four levels of mixed water were assigned the main plots and the two types 
of soil (sandy soil and loamy sand soil) as subplots; each was replicated 
three times (24 pots). Layouts of the winter season were as follows: 
S2 R1 S2 R2 S1 R3 Level A 
 S1 R1 S1 R2 S2 R3 
S2 R1 S1 R2 S1 R3 Level B 
 S1 R1 S2 R2 S2 R3 
S1 R1 S2 R2 S1 R3 Level C 
 S2 R1 S1 R2 S2 R3 
S2 R1 S1 R2 S1 R3 Level D 
 S1 R1 S2 R2 S2 R3 
 
Level A = 0:1 (Seawater: Freshwater), EC = 0.4 dSm-1 as Control. 
Level B = 1:8 (Seawater: Freshwater), EC = 6.7 dSm-1 
Level C= 2:7 (Seawater: Freshwater), EC = 13 dSm-1 
Level D= 1:2 (Seawater: Freshwater), EC = 19.3 dSm-1 
S1 and S2 = Sandy and loamy sand soil. 
R1, R2, and R3 = Pot replicates 1, 2, and 3. 
In the summer season the experiment was designed similar to that described 
in the winter season using the same waters, except level E was added 
making the total number of pots 30. The fifth E level was 1:1 (Seawater: 
Freshwater), EC = 27.2 dSm-1 
Seeds weight in each pot was approximately 19.1 kg/ha and the space 
between seeds approximately 0.06 cm. An NPK fertilizer (17: 17: 17) was 
added 15 days after germination at the rate of 223 kg/ha. 
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3.3 Data collection and Assessment Methods 
3.3.1 Germination Test 
Number of germinated seeds was counted for the three types of plants every 24 
hours, and the germination percent was computed by the following formula:- 
Germination % =         No. of seeds germinated x 100    .   
                              Total No. of seeds in Petri dishes 
 
3-3-2 Methods of Studying Yield and Yield Components 
Five randomly selected plants from each pot were weekly measured to obtain 
height of plants above soil level.  
Mean height was measured by the following formula:- 
  Mean height (cm)   =     Total of heights of 5 plants (cm).   
                                                               5 
Grains yields of barely in ton/ha are measured by harvesting and threshing 
barely heads present in each pot .By considering the pot area, the yields were 
converted to ton/ha  using the following formula: 
 
Grain yield (ton/ha) =     Grain weight /pot(gm) x 104 .     
                                      Pot surface area (m2) x 106 
 
                              =     Grain weight /pot (gm) x104 .     
                                             0.0314 (m2) x 106 
 
Fresh weight of purslane and Bermuda grass after 30 and 37 days respectively 
per plant were computed by the following formula:- 
 
Mean weight of plant (gm)  =     Total weights of 5 plants (gm) .   
                                                                  5 
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3.3.3 Soils and water Analysis 
Measurement of pH in the saturated soil-paste and the electrical conductivity 
(ECe) of the saturated soil paste extract and seawater (EC) were measured 
according to (Richards et al. 1969). Particle size distribution by hydrometer 
method and soil moisture content was determined by methods of Black et al. 
(1965).   
Analysis of cations of both soil and water (Ca+ Mg) was done by titration by 
the versenate method according to Chen and Bray (1951) and Diehl et al. 
(1950). Na and K were determined by flame photometer, and soluble anions in 
both soil and irrigation water: CO3, HCO3, and Cl were determined according to 
Richards et al. (1969). SO4 was calculated by difference between the sum of 
measured anions and cations. 
The electrical conductivity of mixed Red Sea water with freshwater was 
measured both by EC meter and according to formula given by Richards as 
follows: 
                       ECM =   ECS VS  + ECF VF  . 
                                      VS + VF                    Where:- 
 
          ECM = EC of mixed Seawater with freshwater 
VS and ECS = Volume and Electrical conductivity of Seawater. 
VF and ECF = Volume and Electrical conductivity of Freshwater 
3.3.4 Statistical Analysis 
SAS statistical analysis system was used for comparing the effects of salinities 
of mixed waters on seed germination using CRD statistical design and the 
effects of waters on plants growth in soils were analyzed using the split plot 
design. Also the split plot design was used for comparing the effects of 





4.1 Germination Test 
The germination test experiment showed that barely seeds germinated at water 
EC up to 31.8 dSm-1 (5:4 Seawater: Freshwater), but failed to germinate at 34.4 
dSm-1 (3:2 Seawater: Freshwater). Statistical analysis showed highly significant 
differences (P > 0.01) among mixed seawater treatments (Table 5). The percent 
germination of barely was substantial (42.5%) at 40 hours in the fresh water 
treatment, but was delayed to 64 hours (0%) at EC = 21.6 dSm-1 (3:5 Seawater: 
Freshwater) and to 112 hours at higher water salinities (Table 5 and Fig.1). 
Statistical analysis has shown that level A, B and C in barely produced 
statistically higher percentages of germination at 160 hr. (P > 0.01) as compared 
to levels E and D but there was no significant difference between the first three 
treatments. There was also no significantly difference between treatments C and 













Table 5 Salinity Effect of Mixed Red Seawater- Freshwater on Time 
(Hours from Sowing) and Germination% of Barely Plant Seeds (25 C0) 
160 hr. 136 hr. 112 hr. 88 hr. 64 hr. 40 hr. Treatment 
95 95 95 95 90 42.5 Level A 
90 90 90 80 67.5 2.5 Level B 
65 65 57.5 2.5 0 0 Level C 
45 35 20 0 0 0 Level D 
0 0 0 0 0 0 Level E 
59 57 52.5 35.5 31.5 9 %Germination 
Mean 
0.0004 0.0001 0.0001 0.0001 0.0001 0.0035 Prob. 
36.712 34.588 29.056 19.747 30.826 22.524 LSD 
 
Level A = 0:1 (Seawater: Freshwater), EC = 0.4 dSm-1  
Level B = 2:9 (Seawater: Freshwater), EC = 10.7 dSm-1 
Level C= 3:5 (Seawater: Freshwater), EC = 21.6 dSm-1 
Level D= 5:4 (Seawater: Freshwater), EC = 31.8 dSm-1 










Figure 1 Salinity Effect of Mixed Red Seawater- Freshwater on Time (hour from sowing) and Percent 





















































Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 2:9 (Seawater: Freshwater)- EC = 10.7 dSm-1. 
Level C = 3:5 (Seawater: Freshwater)- EC = 21.6 dSm-1. 
Level D = 5:4 (Seawater: Freshwater)- EC = 31.8 dSm-1. 
Level E = 3:2 (Seawater: Freshwater)- EC = 34.4 dSm-1. 
Bars (I, I, I) ≈ Designate LSD (0.05) = 20% , 30 %, 36%, Respectively. 






 The germination test showed that purslane seeds germinated at 19.3 dSm-1 (1:2 
Seawater: Freshwater), but failed to germinate at 21.6 dSm-1(3:5 Seawater: 
Freshwater). Statistical analysis showed highly significant differences (P > 
0.01) among mixed seawater (Table 6).  However, germination percent which 
was low for purslane (about 4%) in the fresh water treatment at 40 hours, was 
delayed to 64 hours and 88 hours in the 13 dSm-1  and 19.3 dSm-1  treatments, 
respectively (Table 6 and Fig.2).  
Statistical analysis has shown that at levels A, B and C germination of purslane 
at 160 hr. was higher than levels D and E, ranging between 5% and 15.5% (P > 
0.01), but there was no significant difference between the first three treatments. 
There was also no significant difference between treatments D and E (Table 6 
















Table 6 Salinity Effect of Mixed Red Seawater- Freshwater on Time 
(Hours from Sowing) and Germination% of Purslane Plant Seeds (25 C0) 
160 hr. 136 hr. 112 hr. 88 hr. 64 hr. 40 hr. Treatment 
15.5 15.5 15 14 9.5 4 Level A 
14 14 14 13 12 5 Level B 
14 14 14 9 4.5 0 Level C 
5 5 4.5 1 0 0 Level D 
0 0 0 0 0 0 Level E 
9.7 9.7 9.5 7.5 5.2 1.8 %Germination 
Mean 
0.0005 0.0005 0.0004 0.0001 0.0041 0.2452 Prob. 
6.6838 6.6838 6.5926 5.2064 6.6725 N.S LSD 
 
Level A = 0:1 (Seawater: Freshwater), EC = 0.4 dSm-1 
Level B = 1:8 (Seawater: Freshwater), EC = 6.7 dSm-1 
Level C= 2:7 (Seawater: Freshwater), EC = 13 dSm-1 
Level D= 1:2 (Seawater: Freshwater), EC = 19.3 dSm-1 











Figure 2 Salinity Effect of Mixed Red Seawater- Freshwater on Time (hour from sowing) and Percent 




















































Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7 dSm-1. 
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1 
Level D = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 
Level E = 3:5 (Seawater: Freshwater)- EC = 21.5 dSm-1. 
Bars (N.S, I ,I) ≈ Designate LSD (0.05) = 0%, 5% , 6.5%, Respectively 








The germination test showed that bermuda seeds germinated at 19.3 dSm-1 (1:2 
Seawater: Freshwater), but failed to germinate at 21.6 dSm-1(3:5 Seawater: 
Freshwater). Statistical analysis showed highly significant differences (P > 
0.01) among mixed seawater (Table 7).   
The percent germination of bermuda grass was higher than that of purslane but 
lower than barely, having a maximum ranging between 1.5% and 43% at 208 
hr. (Table 7 and Fig.3). Level A (fresh water) however produced a highly 
significant increased germination (P > 0.01) of bermuda grass compared to 
levels B, C and D (6.8 dSm-1, 13 dSm-1 and 19.3 dSm-1) where germination 
percentage declined about 22%, 25% and 42.5%, respectively. However levels 
B and C produced statistically higher germination rates (P > 0.01) than level D, 
although there is no significant difference between levels B and C on one hand 















Table 7 Salinity Effect of Mixed Red Seawater- Freshwater on Time 
(Hours from Sowing) and Germination% of Bermuda grass Seeds (25 C0) 
208 hr. 184 hr. 160 hr. 136 hr. 112 hr. 88 hr. Treatment 
43 43 43 36 33 19.5 Level A 
21 21 21 13 8 4 Level B 
18 18 18 8 3.5 0 Level C 
1.5 1 1 1 1 0 Level D 
0 0 0 0 0 0 Level E 
16.7 16.6 16.6 11.6 9.1 4.7 %Germination 
Mean 
0.0002  0.0002  0.0002  0.0001  0.0003 0.008 Prob. 
16.002 16.007 16.007 12.007 12.854 11.191 LSD 
 
Level A = 0:1 (Seawater: Freshwater), EC = 0.4 dSm-1 
Level B = 1:8 (Seawater: Freshwater), EC = 6.7 dSm-1 
Level C= 2:7 (Seawater: Freshwater), EC = 13 dSm-1 
Level D= 1:2 (Seawater: Freshwater), EC = 19.3 dSm-1 







Figure 3 Salinity Effect of Mixed Red Seawater- Freshwater on Time (hour from sowing) and Percent 


























































Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7 dSm-1. 
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1 
Level D = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 
Level E = 3:5 (Seawater: Freshwater)- EC = 21.5 dSm-1. 
Bars (I,I,I) ≈  Designate LSD (0.05) = 11%,12% , 16%, Respectively 






4-2 Effect of Irrigation on Crop Growth 
4-2-1 Barely plant Growth 
   The first season (winter experiment) results showed that barely plants grew 
satisfactorily up to EC 19.3 dSm-1 (1:2 Seawater: Freshwater), but growth was 
very poor at 28.7 dSm-1 (1:1 Seawater: Freshwater), where the leaves burned 
gradually and plants died back progressively until complete death of plant was 
observed after 49 days on sandy soils Table 8 . Generally growth in fresh water 
exceeds significantly (P > 0.01) that in treatment B, C and D, but there is no 
significant difference between B and C treatments on 49th. Day. Statistical 
analysis showed highly significant differences (P > 0.01) among different levels 
of salinity during the course of the experiment except on day 14 (P < 0.05) 
(Table 8 and Fig.4). 
In summer the plants grew well up to 9.7 dSm-1  (1:5 Seawater: Freshwater). 
However, growth was showed deterioration at 19.3dSm-1 (1:2 Seawater: 
Freshwater). Plants died faster on sandy soils (after 42 days) than those on 
loamy sand soils and complete death was observed after 49 days (Table.9). 
Statistical analysis showed highly significant differences (P > 0.01) among 
different levels of salinity during the course of the experiment except on day 21 
(P < 0.05) (Table 9 and Fig.4). 
It was found that increase in the ratio of Red Sea water in  irrigation water 
resulted in decreased plants height as shown in Fig.4 and Fig.5.However the 
plant height was higher in winter (ranging between 10.4 and 41.3 cm) than in 
summer (ranging between 4.5 and 29.3 cm) on the 42th. day (Table 8, Table 9, 




Table 8 Effect of Mixed Red Seawater- Freshwater Salinity and Soils Type on Barely Plant Height (cm)  
Winter Season 
14 Days 21 Days 28 Days 35 Days 42 Days 49 Days  
Treatments  Mean  Mean  Mean  Mean  Mean  Mean 
















































S1 12.9 13.1 11.8 9.4 7.3 0 Level 















S1 14.2 17 20 23.2 25 19.1 Levels  















Probability 0.0121 0.3110 0.0017 0.001 0.0032 0.0002 0.0124 0.0001 0.0001 0.0001 0.0001 0.0001 
LSD 2.2747 N.S 1.5097 1.4647 1.6880 3.4877 2.5979 2.9232 1.1863 1.3467 1.7721 4.6967 
 
Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:5 (Seawater: Freshwater)- EC = 9.7 dSm-1. 
Level C = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 
Level D = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1. 
        S1 = Sandy soil 





Table 9 Effect of Mixed Red Seawater- Freshwater Salinity and Soils Type on Barely Plant Height (cm) 
Summer Season 
14 Days 21 Days 28 Days 35 Days 42 Days 49 Days  
Treatments  Mean  Mean  Mean  Mean  Mean  Mean 
















































S1 6.7 8 6.7 2.7 0 0 Level 















S1 5 8.1 11.1 12.3 12.5 13.5 Levels  















Probability 0.0061 0.0133 0.0049 0.6085 0.0028 0.0001 0.0022 0.0001 0.0001 0.0001 0.0009 0.0001 
LSD 1.873 1.977 2.31 N.S 2.2656 2.0594 2.6419 2.5304 1.9024 1.577 1.7717 4.7355 
 
Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:5 (Seawater: Freshwater)- EC = 9.7 dSm-1. 
Level C = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 
Level D = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1. 
        S1 = Sandy soil 






Figure 4 Salinity Main Effect of Mixed Red Seawater - Freshwater on Height of Barley Plant (cm) Grown in 
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Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:5 (Seawater: Freshwater)- EC = 9.8 dSm-1. 
Level C = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1 
Level D = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1. 
















Figure 5 Salinity Main Effect of Mixed Red Seawater - Freshwater on Height of Barley Plant (cm) Grown in 




























































Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:5 (Seawater: Freshwater)- EC = 9.8 dSm-1. 
Level C = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1 
Level D = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1. 




Composition between effects of soil on plant height showed that the loamy sand 
soil supported taller plants than the sandy soil. Highly significant difference (P 
> 0.01) in plant height was recorded due the soil effect as shown in Table.7, 
Tables 8 and 9, Fig.6 and Plates 1 and 2. 
Likewise, there were highly significant differences in grain yield due to 
salinities of mixed water and between the two soils in the two seasons (P > 
0.01) as shown in Table 10.The yield mean were 4.69, 1.84, and 1.27 ton/ha at 
0.4dSm-1, 9.7 dSm-1 and 19.3dSm-1, respectively, for the winter season 
experiment. For summer season experiment the yields were 1.12 ton/ha for the 
control and 0.3 ton/ ha at 9.7dSm-1 (1:5 Seawater: Freshwater). Further increase 
in salinity to 19.3 dSm-1 resulted in zero production of grain yield (1:2 
Seawater: Freshwater) (Table 10). 
Fig.7 summarizes the effects of increase in Red sea water that resulted in 
decreased grain yield weight. 
Table 10 and Fig.8 showed that barely grown on loamy sand soil gave higher 
yield than that grown on the sandy soil. Highly significant difference (P > 0.01) 
in seeds weight was recorded due the soil effect. 
However the seeds weight was higher in winter season than in summer season. 
At the same EC 9.7 dSm-1 average grain yields were 1.708 ton/ha on sandy soil 
and about 1.976 ton/ha on loamy sand soils in the winter season, but in summer 
they were only about 0.24 and 0.37 ton/ha on sandy soils and loamy sand soils, 
respectively, as shown in Table 10. 
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Figure 6 Effect of Mixed Red Seawater- Freshwater Salinity and Soil Type on Barely Plant Height (cm) 49 
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Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:5 (Seawater: Freshwater)- EC = 9.8 dSm-1. 
Level C = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1 
Level D = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1. 
Lines having the same latter are not significantly different at 0.05 probability level according to DMRT. 
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Table 10 Effect of Mixed Red Seawater Salinity and Soil Type on the Freshwater Weight of Barely Seeds ton 
/ha 
Winter Summer  
Treatments Fresh Weight (gm/plant) Fresh Weight (gm/plant) 
 S1 S2 Mean Weight S1 S2 Mean Weight 
Level A 
 
2.035 7.348 4.692 0.670 1.541 1.1204 
Level B 
 
1.708 1.976 1.842 0.242 0.367 0.304 
Level C 
 
1.013 1.526 1.270 0 0 0 
Level D 
 
0 0 0 0 0 0 
Yield Mean 
 
1.189 2.713 1.951 0.235 0.477 0.356 
Prob. 0.0001 0.0001 0.0001 0.0001 
LSD  0.248 0.4476 0.0203 0.036 
 
Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:5 (Seawater: Freshwater)- EC = 9.7dSm-1. 
Level C = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 
Level D = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1. 
 S1 = Sandy soil 





Figure 7 Salinity Main Effect of Mixed Red Seawater - Freshwater on Grain Yield of Barley (Ton/ha) 









































































Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:5 (Seawater: Freshwater)- EC = 9.8 dSm-1. 
Level C = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1 
Level D = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1. 
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Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:5 (Seawater: Freshwater)- EC = 9.8 dSm-1. 
Level C = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1 
Level D = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1. 
Lines having the same latter are not significantly different at 0.05 probability level according to DMRT. 
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Plate 2 Effect of Soil Type on Barely Growth at EC 9.8 dSm-1 
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4-2-2 Purslane Growth 
    The results showed that the purslane plants grew satisfactorily at 19.3 dSm-1 
(1:2 Seawater: Freshwater) in winter season and up to 28.7 dSm-1(1: Seawater: 
Freshwater) in summer season. The statistical analysis showed significant 
differences (P > 0.05) due to salinity levels on purslane growth at the 28th.days, 
but no significant difference (P ≤ 0.05) at the first three weeks in winter 
seasons. In summer season the statistical analysis showed significant and highly 
significant differences at the 14 th.day and 28 th.day, respectively, but no 
significant difference (P ≤ 0.05) at the 21 th.day as shown in Table.11. 
It is clear that an increase of  Red sea water in the mixed water resulted in a 
decrease of plant height as shown in Fig.9 and Fig.10; however, the plants were 
taller (ranging between 7.5 and 11.1 cm) in winter than those grown  in summer 
(ranging between 4.1 and 9.2 cm) (Table 11 and Fig.9). 
The experimental results showed a highly significant difference (P > 0.01) 
between the two soils in both seasons. Plants growing on the loamy sand soil 
were taller than those growing on the sandy soils as shown in Fig.11, Table 11 
and Plates 3 and 4. 
In winter fresh weight results showed that there were significant differences (P> 
0.05) among mixed Seawater treatments and a highly significant difference (P > 
0.01) among mixed Seawater treatments in summer as shown in Table 12.  
Again increased Seawater quantities in the mixture resulted in decreased plant 
fresh weight in the two seasons as shown in Fig.12, but the plant weight was 
higher in summer (ranging between 0.2795 and 1.8258 g/plant) than in winter 
(ranging between 0.49 and 0.9967 g/plant) (Table 12 and Fig.11). Also the 
weight of fresh purslane plants was lower in sandy soil compared to sandy loam 




Table 11 Effect of Mixed Red Seawater- Freshwater Salinity and Soils Type on Purslane Plant Height (cm) 
Winter Summer 
14 Days 21 Days 28 Days 14 Days 21 Days 28 Days 
 
Treatments 
 Mean  Mean  Mean  Mean  Mean  Mean 
















































S1 4.4 4.6 5.9 1.3 2.3 4 Level 































S1 7.3 5 7.2 1.7 3.1 5.4 Levels  















Probability 0.0001 0.6498 0.0008 0.2171 0.0009 0.0334 0.0001 0.0125 0.0001 0.05550 0.0020 0.0004 
LSD 0.8105 N.S 1.4605 N.S 1.8663 2.1487 0.2228 0.5668 0.3322 N.S 1.0238 1.5659 
Level A = Freshwater-EC = 0. dSm-1.                                              S1 = Sandy soil 
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7dSm-1.                  S2 = Loamy sand soil 
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1. 
Level D = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 
Level E= 1:1 (Seawater: Freshwater)- EC = 28.7 Sm-1. 
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Figure 9 Salinity Main Effect of Mixed Red Seawater - Freshwater on Height of Purslane Plant (cm) Grown 























































Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7 dSm-1. 
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1 
Level D = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 
Level E = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1. 









Figure 10 Salinity Main Effect of Mixed Red Seawater - Freshwater on Height of Purslane Plant (cm) 

































































Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7 dSm-1. 
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1 
Level D = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 
Level E = 1:2 (Seawater: Freshwater)- EC = 28.7 dSm-1. 






Figure 11 Effect of Mixed Red Seawater- Freshwater Salinity and Soil Type on Purslane Plant Height (cm) 
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Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7 dSm-1. 
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1 
Level D = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 
Level E = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1. 
Lines having the same latter are not significantly different at 0.05 probability level according to DMRT. 
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Table 12 Effect of Mixed Red Seawater-Freshwater Salinity and Soil Type on Fresh Weight of Purslane 
Plant (gm/plant) 
Winter Summer  
Treatments Fresh Weight (gm/plant) Fresh Weight (gm/plant) 
 S1 S2  Mean Weight S1 S2 Mean Weight 
Level A 
 
0.7200 1.2733 0.9967 1.2673 2.3843 1.8258 
Level B 
 
0.7000 1.0600 0.8800 1.2010 1.6410 1.4210 
Level C 
 
0.5000 0.7200 0.6100 0.6103 0.9850 0.7977 
Level D 
 
0.2800 0.7000 0.4900 0.2983 0.7657 0.5320 
Level E 
 
- - - 0.1497 0.4093 0.2795 
Yield Mean 
 
0.5500 0.983 0.7442 0.70533 1.2371 0.9712 
Prob. 0.0156 0.0167 0.0001 0.0001 
LSD  0.2928 0.2890 0.1671 0.36 
 
Level A = Freshwater-EC = 0. dSm-1.                                  S1 = Sandy soil. 
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7dSm-1.      S2 = Loamy sand soil. 
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1. 
Level D = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 





Figure 12 Salinity Main Effect of Mixed Red Seawater - Freshwater on the Fresh Weight of Purslane Plant 






































































Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7 dSm-1. 
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1 
Level D = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 
Level E = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1. 




Figure 13 Effect of Mixed Red Seawater- Freshwater Salinity and Soil Type Fresh Weight of Purslane Plant 
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Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7 dSm-1. 
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1 
Level D = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 
Level E = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1. 











Plate 4 Effect of Soil Type on Purslane Growth at EC 13 dSm-1 
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4-2-3 Bermuda grass Growth 
The results show that the bermuda grass grew satisfactorily at 19.3 dSm-1 (1:2 
Seawater: Freshwater) in the two seasons, but growth injury took place at 
28.7dSm-1 (1:1 Seawater: Freshwater) in summer. Statistical analysis showed 
significant differences (P > 0.05) in plants height among mixed water 
treatments on 28th.day and 35 th.day after sowing; however, there were no 
significant differences on 14 th.and 21 th.day in plant height in winter season. 
 In summer, statistical analysis showed a highly significant difference (P > 
0.01) in plant height among mixed water treatments at 21th.day, 28th.day and 35 
th.day after sowing; however, there were no significant differences on the 14 
th.day. Plant height was higher in winter than in summer as is shown in Table 
13, Fig.14 and plates 5 and 6. 
It is evident from Fig.15 that bermuda grass height decreased with increased sea 
water in the water mixture. Significantly lower (P > 0.01) grass height was 
recorded on sandy soils than the grass grown on loamy sand soils as shown in 
Fig.16 and (Table 13). 
Grass height was zero cm in summer in sandy soil at 19.3 dSm-1 whereas it was 
3.7 cm in the loamy sand soil. At the same EC 13 dSm-1, however, grass height 
was 4.3 cm in the sandy soil and 5.2 cm in the loamy sand soil (Table 13). 
On the other hand, fresh weight results showed highly significant differences 
among mixed levels and among soil (P > 0.01). Overall fresh weight was not 
significantly affected by season. However higher fresh grass weight was 
recorded 0.1267 and 0.0733 g/plant in winter at level B and C, respectively, 
whereas it was 0.10752 and 0.0835 g/plant at level B and C, respectively in 




It is clear that bermuda grass weight deceased with increase of the proportion of 
sea water in the irrigation water mixture in the two seasons as shown in Fig.17. 
Also significantly lower (P > 0.01) grass weight was recorded on sandy soils 
















Table 13 Effect of Mixed Red Seawater- Freshwater Salinity and Soils Type on Bermuda grass Height (cm) 
 
Winter Summer 
14 Days 21 Days 28 Days 35 Days 14 Days 21 Days 28 Days 35 Days 
Treatments 
 Mean  Mean  Mean  Mean  Mean  Mean  Mean  Mean 
S1 1.3 2.6 5.1 7.9 0.8 2 5 7 Level  



















S1 1.5 2.4 3.6 6 0.5 1 3 4.2 Level  



















S1 1.8 2.5 4 5.4 0.7 1.3 3.2 4.3 Level  



















S1 1.7 2.7 3.1 3.9 0.5 1 0.7 0 Level 



















S1 - - - - 0.5 0.2 0 0 Level  



















S1 1.6 2.5 4 5.8 0.6 1.1 2.4 3.1 Levels  



















Probability 0.1837 0.4846 0.0014 0.6585 0.0009 0.0266 0.0006 0.0320 0.0012 0.1948 0.0002 0.0004 0.0002 0.0001 0.0001 0.0001 
LSD N.S N.S 0.4982 N.S 0.9079 2.0696 1.2851 3.4258 0.1819 N.S 0.2779 0.4823 0.6169 1.1594 0.6346 1.819 
 
Level A = Freshwater-EC = 0. dSm-1.                                               S1 = Sandy soil 
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7dSm-1.                    S2 = Loamy sand soil 
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1. 
Level D = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 






Figure 14 Salinity Main Effect of Mixed Red Seawater - Freshwater on Height of Bermuda grass (cm) Grown 
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Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7 dSm-1. 
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1 
Level D = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 
Level E = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1. 













Figure 15 Salinity Main Effect of Mixed Red Seawater - Freshwater on Height of Bermuda grass (cm) Grown 





































































Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7 dSm-1. 
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1 
Level D = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 
Level E = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1. 
Column having the same latter are not significantly different at 0.05 probability level according to DMRT. 
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Figure 16 Effect of Mixed Red Seawater- Freshwater Salinity and Soil Type on Bermuda grass Height (cm) 35 
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Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7 dSm-1. 
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1 
Level D = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 
Level E = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1. 
Lines having the same latter are not significantly different at 0.05 probability level according to DMRT. 
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Table 14 Effect of Mixed Red Seawater-Freshwater Salinity and Soil Type on Fresh Weight of Bermuda 
grass (gm/plant) 
Winter Summer  
Treatments Fresh Weight (gm/plant) Fresh Weight (gm/plant) 
 S1 S2  Mean Weight S1 S2 Mean Weight 
Level A 
 
0.0867 0.1300 0.1300 0.1540 0.2593 0.20667 
Level B 
 
0.0400 0.1267 0.1267 0.0817 0.1333 0.10752 
Level C 
 
0.0367 0.0733 0.0733 0.0723 0.0947 0.0835 
Level D 
 
0.0167 0.0467 0.0467 0 0.0447 0.02233 
Level E 
 
- - - 0 0 0 
Yield Mean 
 






Prob. 0.0002 0.0003 0.0005 0.0003 
LSD  0.0176 0.0195 0.02 0.0581 
 
Level A = Freshwater-EC = 0. dSm-1.                                   S1 = Sandy soil. 
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7dSm-1.       S2 = Loamy sand soil. 
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1. 
Level D = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 




Figure 17 Salinity Main Effect of Mixed Red Seawater - Freshwater on the Fresh Weight of Bermuda grass 














































































Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7 dSm-1. 
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1 
Level D = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 
Level E = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1. 






Figure 18 Effect of Mixed Red Seawater- Freshwater Salinity and Soil Type Fresh Weight of Bermuda grass 
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Level A = Freshwater -EC = 0.4 dSm-1. 
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7 dSm-1. 
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1 
Level D = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 
Level E = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1. 














4.3 Effect of Irrigation on Soil Properties 
4.3.1 Effect on ECe, SAR and pH of Soil cultivated by Barely plants 
The experiment showed that the ECe increased significantly (P > 0.01) with 
increased sea water in the irrigation water mixture in the two seasons. Mean 
ECe was clearly related to the EC of applied water especially in winter. The soil  
ECe recorded in summer were 1.07, 14.18, 33.5 and 41.67 dSm-1 in level A, B, 
C and D, respectively , while in winter were 0.9, 10.25, 20.58 and 33 dSm-1 in 
level A, B, C and D, respectively. But there was no significant difference (P ≤ 
0.05) between soils type as shown in Table.15.  
Also the SAR increased significantly (P > 0.01) with increase of proportion of 
sea water in the irrigation water mixture in the two seasons. Also higher SAR 
was recorded in summer, namely, 2.57, 20.5, 34.5 and 47.82 in level A, B, C 
and D, respectively , while in winter they were 2.05, 19.19, 28.5 and 38.83 in 
level A, B, C and D, respectively. But there was no significant difference (P ≤ 
0.05) due to soil type (Table.15). 
It is evident from Table. 14 that the pH less than 8 for all levels of salinity in the 
two seasons for the two soils, with no significant difference (P ≤ 0.05) due to 
the season or soil effect.. 
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Table 15 Mean Effect of Mixed Red Seawater-Freshwater Salinity on ECe, SAR and pH of the Two Soils 
Cultivated by Barely Plants 
 
Winter Summer 
ECe SAR pH ECe SAR pH 
 
Treatment 
 Mean  Mean  Mean  Mean  Mean  Mean
S1 0.70 2 8.25 0.800 2.37 7.83 Level 














S1 9.75 18.27 7.54 14.87 20.33 7.77 Level 

















S1 20.83 28 7.68 32.00 34 7.66 Level 
















S1 31.55 38.67 7.33 39.67 47.65 7.68 Level 















S1 15.57 21.74 7.70 21.83 26.09 7.74 Levels  








































LSD N.S 5.5925 N.S 4.8369 N.S N.S N.S 3.7852 N.S 2.6462 N.S 0.116 
 
Level A = Freshwater -EC = 0.4 dSm-1.                                 S1 = Sandy soil. 
Level B = 1:5 (Seawater: Freshwater)- EC = 9.7dSm-1.         S2 = Loamy sand soil. 
Level C = 1:2 (Seawater: Freshwater)- EC = 19.3 dSm-1. 
Level D = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1.
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4.3.2 Effect on ECe, SAR and pH of Soil cultivated by Purslane plants 
The experiment showed that the ECe increased significantly (P > 0.01) with 
increased sea water in the irrigation water mixture in the two seasons. However 
higher ECe  was recorded in summer amounting to 1.1, 9.25, 13.83 and 21.08 
dSm-1 in level A, B, C and D, respectively , while in winter they were 0.51, 
5.61, 12.07 and 14.17 dSm-1 in level A, B, C and D, respectively. However the 
ECe of soil treated with level E (28.7 dSm-1) was as high as 32.17 dSm-1.  
Statistical analysis showed no significant difference (P ≤ 0.05) due to the soil 
type in the two seasons as shown in Table 16.  
Again the SAR increased significantly (P > 0.01) with increase of proportion of 
sea water in the irrigation water mixture in the two seasons. Also higher SAR 
was recorded in summer, namely, 2.92, 16.55, 24.16 and 31.1 in level A, B, C 
and D, respectively , while in winter they were 1.18, 13.39, 19.04 and 25.69 in 
level A, B, C and D, respectively. However the SAR of soil treated with level E 
(in summer) was 38.59. Statistical analysis showed highly significant difference 
(P > 0.01) in SAR due to soil type among mixed seawater treatments. Higher 
SAR was recorded in loamy sand soils (average means were 15.86 and 22.67 in 
winter and summer, respectively) than in loamy sand soils (average means were 
13.79 and 22.59 in winter and summer, respectively) as shown in Table. 16. 
 From Table. 15 it is evident that the pH was generally less than 8 at all salinity 
levels in the two soils. Statistical analysis showed significant difference (P 
>0.05) due to the salinity levels in water mixture, but there was no significant 





Table 16 Mean Effect of Mixed Red Seawater-Freshwater Salinity on ECe , SAR and pH of the Two Soils 
Cultivated by Purslane Plants 
Winter Summer 
ECe SAR pH ECe SAR pH 
 
Treatment 
 Mean  Mean  Mean  Mean  Mean  Mean 
S1 0.40     1.10 7.67 0.90     3.97 8.21 Level 














S1 6.37 13.79 7.47 9.45 17.34 7.42 Level 
B S2    4.85 
 






7.40    9.05 
 







S1 10.13 16.43 7.57 13.33 22.53 7.56 Level 
C S2    14 
 
 















S1 16.33 23.90 7.82 20.83 31.52 7.75 Level 
D S2   12 
 




7.72   21.33 
 







S1 - - - 32.67 37.57 8 Level 















S1 8.31 13.79 7.63 14.54 22.59 7.79 Levels  









































LSD N.S 4.5041 N.S 6.0588 0.1092 0.2047 N.S 3.4226 N.S 2.5429 N.S 0.2194 
Level A = Freshwater-EC = 0. dSm-1.                                S1 = Sandy soil.   
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7dSm-1.     S2 = Loamy sand soil.      
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1. 
Level D= 1:2 (Seawater: Freshwater)- EC = 19.3 Sm-1. 
Level E = 1:1 (Seawater: Freshwater)- EC = 28.7 dSm-1 
 72
4-3-3 Effect on ECe, SAR and pH of Soil cultivated by Bermuda grass 
The experiment showed that the ECe increased significantly (P > 0.01) with 
increased sea water in the irrigation water mixture in the two seasons. However, 
higher ECe was recorded in summer, that is; 1.05, 7.51, 15.67 and 23.33 dSm-1 in 
level A, B, C and D, respectively , while in winter they were 0.61, 5.95, 10.5 and 
19.5 dSm-1 in level A, B, C and D, respectively as shown in Table17. 
 Statistical analysis showed no significant difference (P ≤ 0.05) due to the soil type 
in the two seasons (Table.17). 
Also the SAR increased significantly (P > 0.01) with increase of proportion of sea 
water in the irrigation water mixture in the two seasons; however, higher SAR was 
recorded in summer, that is; 1.82, 21.71, 25.75 and 34.28 in level A, B, C and D, 
respectively, while in winter they were 1.31, 13.21, 18.59 and 25.10 in level A, B, 
C and D, respectively. But there was no significant difference (P ≤ 0.05) due to soil 
type.  
 It is evident from Table 17 that the pH was generally less than 8 at all salinity 












Table 17 Mean Effect of Mixed Red Seawater-Freshwater Salinity on ECe, SAR and pH of the Two Soils 
Cultivated by Bermuda  
Winter Summer 
ECe SAR pH ECe SAR pH 
 
Treatment 
 Mean  Mean  Mean  Mean  Mean  Mean
S1 0.60     1.31 7.48 0.95     1.21 7.99 Level 
A S2 0.62 
 
 











S1 6.17 13.86 7.55 7.60 13.23 7.87 Level 
B S2    5.73 
 






7.46    7.42 
 







S1 11 18.55 7.48 15.33 25.58 7.84 Level 
C S2    10 
 






7.61    16 
 







S1 18 22.99 7.66 23.33 33.44 7.72 Level 
D S2 21 
 






  23.33 






S1 - - - 29.17 47.67 8.04 Level 














S1 8.94 14.18 7.44 15.78 24.23 7.89 Levels  
Mean S2 9.34 
 
9.14     15.53 
 
14.80    7.52 
 
7.53     15.28 
 
15.53    25.11 
 
24.67    7.79 
 



























LSD N.S 0.939 N.S 2.1755 N.S N.S N.S 2.5074 N.S 3.0427 N.S N.S 
Level A = Freshwater-EC = 0. dSm-1.                                S1 = Sandy soil.   
Level B = 1:8 (Seawater: Freshwater)- EC = 6.7dSm-1.     S2 = Loamy sand soil.      
Level C = 2:7 (Seawater: Freshwater)- EC = 13 dSm-1. 
Level D= 1:2 (Seawater: Freshwater)- EC = 19.3 Sm-1. 




5.1 Germination Test Experiments 
The germination test experiment showed that the threshold value at which 
plants germinated was 28.7 dSm-1 (1:1 Seawater: Freshwater), 19.3 dSm-1 
(1:2 Seawater: Freshwater), 19.3 dSm-1 (1:2 Seawater: Freshwater) for 
barely, purslane, and bermuda grass, respectively. These results were in 
agreement with many workers that the barely is one of the most salt-tolerant 
crops (Leukel 1930; Jacobsen and Adams 1978; Briggs 1978 and Kelley et 
al. 1979). Hassan, (1991) stated that purslane is very tolerant to salinity and 
Bernsten (1964) found that bermuda grass is highly tolerant to salinity. 
Further addition of Red Sea water prevented germination. 
Germination was delayed with increased of Red sea water from 0.4 up to the 
threshold value, in conformity with the results of Unger (1991) and El Nour 
et al. (2006). It is known from basic chemistry that the activity of solution 
constituents, including water, is reduced by the increase of ionic strength 
(salt concentration). It is, therefore, logical that the diffusion and reaction of 
water during seed germination will be reduced by increased salinity, leading 
to delay of seed germination. It is evident that the seeds of these plants 
studied lack the physiological and biological strategies that make them adapt 
to further salt stress. Such strategies include the accumulation of low 
molecular-weight and osmolytes in the seeds embryo (Greenway and Munns 
1980) or stress proteins (Skriver and Mundy 1990), such as late 
embryogenesis abundant proteins (LEAP). The latter are known to 
accumulate in the embryos at late stages of seeds development of different 
plant species (Dure 1981). 
It has been shown that LEAP play an important role in the protection of plant 
against salt-stress and water stress (Deping Xu et al. 1996). 
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In barely (Hordeum vulgare) group three LEAP were characterized in the 
aleurone layers and embryos during late seed development. The LEAP of 
barely are closely related to those of monocots like wheat and rice and dicots 
like cotton and carrot with which they share a similar structural gene 
organization (Straub et al. 1994). The results of  Deping Xu et al. (1996) 
demonstrated the role of LEAP as salt stress protein and suggested the 
potential usefullness of LEAP genes for genetic engineering of salt stress  
tolerance. 
The weight of literature including the work of Dure (1992) and Depingxu 
etal. (1996) suggested that LEAP are functional in many monocots and 
dicots which may include barely, bermuda grass and purslane used in this 
experiment. LEAP production was found by Moons et al. (1995) to be 
induced only in a salt-tolerant Indica rice variety and not in other less 
tolerant varieties. Based on the fact that barely, bermuda and purslane are 
known to be highly salt tolerant, it is expected that salt-stress may include 
LEAP production in these crops and hence play an important role in their 
adaptation to salt-stress.     
Seed failed to germinate at 34.4 dSm-1 (3:2 Seawater: Freshwater), 21.6 dSm-
1 (3:5 Seawater: Freshwater), and 21.6 dSm-1 (3:5 Seawater: Freshwater) 
after160, 160, and 184 hours for barely, purslane, and bermuda grass at 250C. 
This showed that the salt tolerance of the three crops tested decrease in the 







5.2 Effect of Irrigation with Saline water on Crop Growth  
5.2.1 Barely Plant Growth 
The barely plants growth experiment recorded satisfactory performance in 
the Red sea water mixture (ranging between 9.7 dSm-1 and 19.3 dSm-1) with 
respect to both heights and weight of seeds. Fig.4 and Table 8, 9 and 10 
indicate that barely crop may be a promising cereal under the extreme 
conditions of alkalinity and salinity generated by mixing fresh water with sea 
water.  
Satisfactory growth was obtained upon irrigation by mixed water of EC up to 
19.3 dSm-1 (1:2 Seawater: Freshwater) in the winter season, but in summer 
season growth was satisfactory only by using water of EC up to 9.7 dSm-1 
(1:5 Seawater: Freshwater).  
Likewise, seed weight was higher in winter than in summer. These results 
may partly be explained by the fact that the plant is grown throughout the 
more temperate regions and is considered to be a winter crop in hot countries 
like the Sudan. High temperature in the summer season will induce more 
evapotranspiration, causing faster rate of salt concentration in the soil 
solution and hence higher ECe and SAR. Was shows results that support this 
prediction (Leukel 1930). (Ahi and Powers 1938; Ehlig 1940; Wall and 
Hartman 1942; Bernstein and Ayers (1951;1953) and Gale et al.1970). 
The results show no significant difference of barely height between salinity 
levels B and C in winter season (Table 8) but a drastic reduction in plant 
height at level C and higher salinity levels in summer. This can be attributed 
to interaction of temperature and expression of genes responsible for 
production of osmolites and stress proteins that induce salt tolerance (Deping 
Xu et al. 1996).  
The barely plants height and weight of seed was significantly higher in 
loamy sand soils than that of sandy soil. This may be related to fact that the 
fertilitly of loamy sand soil (with higher CEC) is higher than that of the 
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sandy soil, causing better plant growth and hence more energy for 
performing tasks such as osmolite production, salt exclusion and stress 
proteins production. Also the loamy sand soil will have greater water content 
at a given water suction as compared to the sandy soil (Hillel, 1971).This 
will reduce salt concentration in soil solution at a given salt content at any 
time between irrigations. It seems that the applied irrigation interval of 48 
hours was too long in summer for barely as the mean soil ECe and SAR were 
significantly higher in summer than in winter at any given salinity of 
irrigation water. It is probable that reducing the irrigation interval in summer 
might have reduced the ensuing soil salinity and sodicity making the plant 
more capable of better growth performance.   
5.2.2 Purslane Plant Growth 
The purslane plants growth was satisfactory using the Red sea-freshwater 
mixture up to 28.7dSm-1 with the respect to plant water mixture in height and 
fresh weight as shown in Fig.9 and Table 11 and 12 which indicates the plant 
can be considered a dependable vegetable crop under extreme conditions of 
alkalinity and salinity. This is in agreement with Hassan (1991).  
No significant differences were recorded between treatments at the first three 
weeks. This seems to indicates that younger plants are more capable to 
withstand salt stress, probably because the small leaf area results in little 
evaportanspiration and hence lower salt concentration in cell sap between 
irrigations. It is probable that the lower winter temperature may result in 
lower evapotranspiration in purslane and hence higher water content and 
lower salinity of cell sap which may help in better cell enlargement and 
elongation in winter than in summer. However, although the plants were 
shorter in summer, their stems are much thicker and leafier than those in 
winter with the result that the total fresh weight of purslane plants was higher 
in summer than in winter. This result is similar to those obtained by 
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Srogonov (1962) and Gale et al. (1970). El Degwy (1996) who found that 
purslane grew well in hot weather and can be injured by cool weather.       
The purslane height and fresh weight was significantly higher in loamy sand 
soils than that of sandy soil. This may be because that the loamy sand soil, 
will have greater mineral fertility and water content at a given water suction 
as compared to the sandy soil (Hillel, 1971) which may alleviate the effect of 
salt in soil as mentioned above. 
5.2.3 Bermuda grass Growth 
The Bermuda grass made satisfactory growth when irrigated with the Red 
sea-fresh water mixture with EC ranging between 13 dSm-1 and 19.3 dSm-1 
as judged by height and weight of fresh plant (Fig.14 and Table.13, and 14). 
This result confirms that of  to Bernsten (1964) who found that bermuda 
grass is highly tolerant to salinity, and its yield decreased only 25% at ECe 
15.5  dSm -1. 
The reduction of heights and weight of Bermuda plants was associated with 
increased sea water in the water mixture. This may possibly be due to 
spending plant energy in processes related to alleviation of salt stress instead 
of cell elongation and enlargement. These results were in line with those of 
Daoud et al. (2001); Harrouni et al. (2001) and Alizadeh et al. (2004).  
A satisfactory growth of bermuda up to EC 19.3 dSm-1 (1:2 Seawater: 
Freshwater) was recorded in the winter season, with growth adversely 
affected in summer season by irrigation with water having salinity as low as 
13 dSm-1 (2:7 Seawater: Freshwater). These results may be due to the effects 
salt temperature interaction, causing builds up of salt in the root zone. Table 
4 show that ECe was higher in summer than in winter season.  
The bermuda height and fresh weight was significantly higher in that 
growing on loamy sand soil than that on sandy soil. This may be related to 
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the better fertility of loamy sand soil, and the greater water content at any 
given water suction as compared to the sandy soil (Hillel, 1971). 
5.3 Effect of Irrigation with Saline Water on Soil Properties 
The soil ECe and SAR were significantly increased when the salinity of 
irrigation water was raised in the three experiments in the two seasons (Table 
15, 16 and 17). The results of the current study are consistent with Doneen 
(1967, 1970) Peterson et al. (1970) and Abrol et al. (1988) who stated that 
irrigation with saline water tended to raise the ECe due to the accumulation 
of salts in the soil solution followed by evaporation after irrigation.  
No significant differences (P ≤ 0.05) of ECe and SAR were recorded between 
the two soils in the two seasons. This may be due to good drainage in the two 
soils and the adopted method of irrigation, where the water quantity used 
every 48 hours was 750 cm3 and 1250 cm3 for the sandy and loamy sand 
soils respectively, to meet crop needs and an approximately 100% leaching 
requirement. 
The higher values of ECe and SAR recorded in summer as compared in 
winter may be attributed to higher evapotranspiration caused by the higher 
temperature in summer, since water evaporates in pure state, leaving salts 
and other substances behind (Peterson et al. 1970). 
The pH value of the two soils was less than 8.0 in most cases. Although 
increased sea water in the water mixture between level B (6.7 dSm-1) and 
level D (28.7 dSm-1) increased soil SAR three to four times in the three 
crops, pH remained largely costant in the presence of excess salt. Adsorbed 
sodium does not readily hydrolyze under high salinity as stated by Richards 
et al. (1969) and Kamil and Shainberg (1968). They reported pH values are 





Conclusion and Recommendations 
The experiment has shown that Red Sea water can be mixed with fresh water 
for the growth and production of three salt-tolerant crops, namely, barely, 
purslane and bermuda grass.  
The experiment showed also that barely plants and bermuda grass can be 
grown satisfactorily in winter using blended water having EC 19.3 dSm-1, 
whereas purslane can withstand salinities up to 28.7 dSm-1 in summer.  
Germination experiment showed that the critical salinity for germination 
varied among three crops; 31.8, 19.3 and 19.3 dSm-1 for barely bermuda and 
purslane plants, respectively in the laboratory at 250C. 
The three crops grew satisfactorily in both loamy sand and sandy soils. 
However crop growth in loamy sand soil was significantly (P > 0.01) higher 
compared to that on sandy soils due to higher fertility and water retension in 
loamy sand soils. 
After irrigation the ECe and SAR of paste extract of the soils were increased 
significantly (P > 0.01) especially during the summer season, but no 
significant differences (P ≤ 0.05) were recorded between the two types of 
soil. 
The higher crop yields obtained in winter season for barely and bermuda 
plants may be due to temperature interaction with salinity. 
The recommendations of this experiment are therefore:- 
1- Possibility of blending Rea sea water with freshwater for irrigation of 
crops at a ratio up or exceeding 1:1; crops other than the ones used in this 
experiment should be investigated. 
2- Further investigation is required for barely plants and bermuda grass 
for determining the precise critical salinity level of irrigation water as 
 81
they gave good and poor growth at EC 19.3 and 28.7dSm-1 in this 
experiment, respectively.  
3- Likewise as purslane plants grows satisfactorily up to 28.7 7dSm-1of 
blended water. Thus, it is recommended that more work is required to 
determine whether or hot this crop can tolerate higher salinities in 
summer. 
4- It is recommended that research in fresh rain water harvesting towards 
the Red Sea coast should be encouraged so that such fresh water can 
be mixed with sea water for crop production.  
5- Experiments should be carried out to investigate the correct irrigation 
intervals at various values of irrigation water salinities in various 
seasons.                                       
6- In spite of lower yields attained from sandy soils compared to loamy 
sand soils, the latter should not be abandoned as they pose less risk for 
accumulation of salts during cropping for prolonged periods of time. 
7- It is recommended that Red Sea water should be viewed as a useful 
natural resource, as coupled with rain water harvesting can be helpful 
in producing some food and forage crops and hence can be helpful in  
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Appendix .1 Salinity Effect of Mixed Red Seawater- Freshwater Germination% of Purslane Plant Seeds  
(25 C0) 
 
40 hr. 64 hr. 88 hr. 112 hr. 136 hr. 160 hr. Source d.f 
Anova  
SS      
P > F Anova  
SS      
P > F Anova  
SS     
P > F Anova  
SS      
P > F Anova  
SS      
P > F Anova  
SS      
P > F 
Treatments 4 99.20 0.2452 477.2 0.0041 700.0 0.0001 744.0 0.0004 747.2 0.0005 747.2 0.0005 
Error  15 244 - 2.94.0 - 179.0 - 287.0 - 295.0 - 295.0 - 
Total 19 343.20 - 771.2 - 879.0 - 1031.0 - 1042.2 - 1042.2 - 
C.V 224.067 85.138 46.060 46.0439 45.719 45.719 
















 Appendix .2 Salinity Effect of Mixed Red Seawater- Freshwater Germination% of Barely Plant Seeds  
(25 C0) 
 
40 hr. 64 hr. 88 hr. 112 hr. 136 hr. 160 hr. Source d.f 
Anova  
SS      
P > F Anova  
SS      
P > F Anova  
SS      
P > F Anova  
SS      
P > F Anova  
SS      
P > F Anova  
SS     
P > F 
Treatments 4 5630 0.0035 30780 0.0001 36520 0.0001 28200 0.0001 25320 0.0001 23880 0.0004 
Error  15 3350 - 6275 - 2575 - 5575 - 7900 - 8900 - 
Total 19 8980 - 37055 - 39095 - 33775 - 33220 - 32780 - 
C.V 166.048 64.931 36.908 36.721 40.262 41.285 































 Appendix .3 Salinity Effect of Mixed Red Seawater- Freshwater Germination% of Bermuda grass Seeds  
(25 C0) 
88 hr. 112 hr. 136 hr. 160 hr. 184 hr. 208 hr. Source d.f 
Anova  
SS      
P > F Anova  
SS      
P > F Anova  
SS      
P > F Anova  
SS      
P > F Anova  
SS      
P > F Anova  
SS      
P > F 
Treatments 4 1143.2 0.0080 3008.8 0.0003 3428.8 0.0001 4948.8 0.0002 4887.2 0.0002 4887.2 0.0002 
Error  15 827.0 - 1091.0 - 952.0 - 1692.0 - 1691.0 - 1691.0 - 
Total 19 1970.2 - 4099.8 - 4380.8 - 6640.8 - 6578.2 - 6578.2 - 
C.V 157.983 93.719 68.678 63.980 63.578 63.578 
























21 Days 28 Days Source d.f 
Anova  SS    P > F Anova  SS    P > F Anova  SS   P > F 
Treatments 3 20.69 0.3110 76.60 0.0010 728.60 0.0002 
Block 2 6.04 0.6146 11.08 0.1784 5.20 0.4786 
Error “a” 6 27.89 - 6.45 - 36.57 - 
Soils 1 60.80 0.0121 55.21 0.0017 55.21 0.0032 
Interaction 3 11.27 0.6084 7.26 0.4649 6.83 0.5735 
Error “b” 8 46.71 - 20.57 - 25.72 - 
Total 23 173.40 - 177.17 - 858.13 - 
C.V 15.285 8.684 8.35 














 Appendix .5 Effect of Mixed Red Seawater- Freshwater Salinity and Soils Type on Barely Plant Height (cm) 
and Seeds Weight (ton/ha) - Winter Season 
35 Days 
 
42 Days 49 Days Seeds Weight Source d.f 
Anova  SS     P > F Anova  
SS          
P > F Anova  
SS       
P > F Anova  
SS         
P > F 
Treatments 3 17.85.01 0.0001 2926.25 0.0001 5913.78 0.0001 70.7576 0.0001 
Block 2 9.92 0.5468 5.68 0.2281 0.40 0.9451 0.2178 0.2660 
Error “a” 6 25.69 - 5.45 - 66.32 - 0.6022 - 
Soils 1 78.48 0.0124 140.65 0.0001 249.62 0.0001 13.9260 0.0001 
Interaction 3 17.42 0.5461 22.75 0.0342 126.99 0.0025 28.9141 0.0001 
Error “b” 8 60.92 - 12.70 - 28.35 - 0.5551 - 
Total 23 1977.44 - 3113.49 - 6385.44 - 114.9728 - 
C.V 11.02 4.60 5.82 13.50 



















21 Days 28 Days Source d.f 
Anova  SS    P > F Anova  SS    P > F Anova  SS    P > F 
Treatments 3 51.00 0.0133 7.13 0.6085 334.00 0.0001 
Block 2 9.25 0.3588 7.58 0.4830 1.58 0.8742 
Error “a” 6 11.75 - 21.75 - 12.75 - 
Soils 1 54 0.0061 70.04 0.0049 104.17 0.0028 
Interaction 3 6.33 0.6722 5.46 0.7682 8.50 0.6994 
Error “b” 8 31.67 - 38.00 - 46.33 - 
Total 23 164.00 - 149.96 - 507.33 - 
C.V 30.61 22.26 18.28 














Appendix .7 Effect of Mixed Red Seawater- Freshwater Salinity and Soils Type on Barely Plant Height (cm) 
and Seeds Weight (ton/ha) - Summer Season 
35 Days 
 
42 Days 49 Days Seeds Weight Source d.f 
Anova  SS     P > F Anova  
SS          
P > F Anova  
SS       
P > F Anova  
SS         
P > F 
Treatments 3 883.13 0.0001 2023.46 0.0001 5916.47 0.0001     5.0429 0.0001 
Block 2 45.75 0.1126 9.25 0.3689 35.38 0.0386 0.0013 0.2900 
Error “a” 6 19.25 - 7.42 - 67.42 - 0.0039 - 
Soils 1 155.04 0.0022 234.38 0.0001 92.04 0.0009 0.3504 0.0001 
Interaction 3 50.46 0.1739 48.46 0.0532 104.13 0.0047 0.7355 0.0001 
Error “b” 8 63.00 - 32.67 - 28.33 - 0.0037 - 
Total 23 1216.63 - 2355.63 - 6243.96 - 6.1379 - 
C.V 18.87 12.93 12.17 6.04 












 Appendix .8 Effect of Mixed Red Seawater- Freshwater Salinity and Soils Type on Purslane Plant Height 
(cm) and Fresh Weight (gm/plant) -Winter Season 
14 Days 
 
21 Days 28 Days Fresh Weight Source d.f 
Anova  SS     P > F Anova  
SS          
P > F Anova  
SS       
P > F Anova  
SS         
P > F 
Treatments 3 1.51 0.6498 10.90 0.2171 40.09 0.0334 0.9889 0.0167 
Block 2 3.39 0.1638 4.03 0.4676 9.05 0.3634 0.2026 0.3944 
Error “a” 6 5.21 - 10.96 - 13.88 - 0.2511 - 
Soils 1 35.28 0.0001 64.68 0.0008 105.00 0.0009 0.9048 0.0156 
Interaction 3 2.17 0.4505 4.89 0.5904 16.70 0.3076 0.0861 0.8270 
Error “b” 8 5.93 - 19.25 - 31.44 - 0.7737 - 
Total 23 53.49 - 114.71 - 216.16 - 3.2072 - 
C.V 17.68 23.24 21.34 41.79 













 Appendix .9 Effect of Mixed Red Seawater- Freshwater Salinity and Soils Type on Purslane Plant Height 
(cm) and Fresh Weight (gm/plant) - Summer Season 
14 Days 
 
21 Days 28 Days Fresh Weight Source d.f 
Anova  SS     P > F Anova  
SS          
P > F Anova  
SS       
P > F Anova  
SS         
P > F 
Treatments 4 4.7 0.0125 4.80 0.0550 102.53 0.0004 9.8051 0.0001 
Block 2 0.47 0.089 0.20 0.5674 1.27 0.6806 0.0816 0.4128 
Error “a” 8 1.45 - 2.8 - 11.08 - 0.5850 - 
Soils 1 6.08 0.0001 16.13 0.0001 27.08 0.0020 2.1206 0.0001 
Interaction 4 0.80 0.0950 1.2 0.2055 7.47 0.3771 0.6806 0.0335 
Error “b” 10 0.75 - 1.67 - 15.83 - 0.4157 - 
Total 29 14.24 - 26.80 - 165.24 - 13.6945 - 
C.V 12.54 10.74 19.92 21.14 













 Appendix .10 Effect of Mixed Red Seawater- Freshwater Salinity and Soils Type on Bermuda grass Height 
(cm) and Fresh Weight (gm/plant) -Winter Season 
14 Days 
 
21 Days 28 Days 35 Days Fresh Weight Source d.f 
Anova  
SS       
P > F Anova  
SS       
P > F Anova  
SS       
P > F Anova  
SS       
P > F Anova  
SS       
P > F 
Treatments 3 1.23 0.4846 0.65 0.6585 41.34 0.0266 103.95 0.0320 0.0200 0.0003
Block 2 0.15 0.6758 0.16 0.7588 4.03 0.1770 0.93 0.7850 0.0015 0.1869
Error “a” 6 2.44 - 2.29 - 12.88 - 35.28 - 0.0011 - 
Soils 1 0.38 0.1837 6.41 0.0014 24.40 0.0009 55.82 0.0006 0.0145 0.0002
Interaction 3 0.46 0.4988 1.23 0.2946 8.34 0.0958 9.82 0.2330 0.0029 0.1082
Error “b” 8 1.42 - 2.24 - 7.44 - 14.91 - 0.0028 - 
Total 23 5.96 - 12.98 - 98.43 - 220.71 - 0.0429 - 
C.V 24.63 17.35 19.38 18.63 26.89 














 Appendix .11 Effect of Mixed Red Seawater- Freshwater Salinity and Soils Type on Bermuda grass Height 
(cm) and Fresh Weight (gm/plant) -Summer Season 
14 Days 
 
21 Days 28 Days 35 Days Fresh Weight Source d.f 
Anova  
SS       
P > F Anova  
SS       
P > F Anova  
SS       
P > F Anova  
SS       
P > F Anova  
SS       
P > F 
Treatments 4 0.717 0.1948 9.550 0.0004 150.533 0.0001 321.217 0.0001 0.1588 0.0003
Block 2 0.267 0.1180 0.117 0.6209 0.517 0.6504 0.817 0.5327 0.0056 0.0380
Error “a” 8 0.733 - 1.050 - 6.067 - 14.933 - 0.0152 - 
Soils 1 1.008 0.0012 4.033 0.0002 20.008 0.0002 56.033 0.0001 0.0150 0.0005
Interaction 4 0.117 0.6819 0.050 0.9773 10.367 0.0244 28.383 0.0009 0.0093 0.0377
Error “b” 10 0.500 - 1.167 - 5.750 - 6.083 - 0.0060 - 
Total 29 3.342 - 15.967 - 193.242 - 427.467 - 0.2100 - 
C.V 28.55 23.29 23.82 17.46 29.24 
















 Appendix .12 Mean Effect of Mixed Red Seawater-Freshwater Salinity on ECe, SAR and pH of the Two 
Soils Cultivated by Barely Plants 
Winter Summer 




SS       
P > F Anova  
SS       
P > F Anova  
SS      
P > F Anova  
SS       
P > F Anova  
SS       
P > F Anova  
SS      
P > F 
Treatments 3 3425.67 0.0001 4388.10 0.0001 1.7341 0.0731 6101.23 0.0001 6762.57 0.0001 0.2839 0.0033 
Block 2 7.28 0.3103 158.90 0.0054 0.0950 0.7645 4.28 0.7336 6.95 0.1867 0.0485 0.2195 
Error “a” 6 94.02 - 70.34 - 0.8868 - 43.07 - 21.05 - 0.3747 - 
Soils 1 9.00 0.1040 4.02 0.4819 0.0009 0.9428 14.26 0.1809 1.61 0.3542 0.0301 0.1688 
Interaction 3 17.11 0.1746 2.76 0.9430 0.1270 0.8608 26.46 0.3311 0.47 0.9615 0.0421 0.4151 
Error “b” 8 21.42 - 59.11 - 1.3680 - 53.10 - 13.33 - 0.11 - 
Total 23 3574.51 - 4683.23 - 4.2117 - 6242.41 - 6805.98 - 0.55 - 
C.V 10.11 12.27 5.38 11.40 4.90 1.49 





Appendix .13 Mean Effect of Mixed Red Seawater-Freshwater Salinity on ECe, SAR and pH of the Two 
Soils Cultivated by Purslane Plants 
Winter Summer 
ECe SAR pH ECe SAR pH 
     
d.f 
Anova  
SS      
P > F Anova  
SS       
P > F Anova  
SS      
P > F 
d.f 
Anova  
SS        
P > F Anova  
SS       
P > F Anova  
SS      
P > F 
Treatments 3 698.28 0.0011 1943.05 0.0003 0.3143 0.0454 4 3348.90 0.0001 4521.43 0.0001 1.7474 0.0431
Block 2 2.85 0.7551 14.78 0.4492 0.1241 0.0465 2 44.16 0.0691 8.34 0.6639 0.7682 0.0272
Error “a” 6 60.99 - 110.36 - 0.1260 - 8 52.87 - 81.18 - 0.8564 - 
Soils 1 1.17 0.6380 25.69 0.1173 0.1276 0.0151 1 0.08 0.9149 0.22 0.8823 0.0192 0.6180
Interaction 3 52.94 0.0652 37.92 0.2832 0.0774 0.2051 4 3.78 0.9582 33.58 0.5202 0.4381 0.2725
Error “b” 8 39.16 - 66.72 - 0.1077 - 10 62.49 - 97.68 - 0.7271 - 
Total 23 855.16 - 2198.52 - 0.8771 - 29 35112.27 - 4742.43 - 4.5565 - 
C.V 27.36 19.48 1.53 C.V 16.14 13.78 3.47 





Appendix .14 Mean Effect of Mixed Red Seawater-Freshwater Salinity on ECe, SAR and pH of the Two 
Soils Cultivated by Bermuda grass  
 
Winter Summer 




SS       
P > F Anova  
SS       
P > F Anova  
SS      
P > F 
d.f 
Anova  
SS       
P > F Anova  
SS       
P > F Anova  
SS      
P > F 
Treatments 3 1152.70 0.0001 1959.00 0.0001 0.2705 0.0600 4 3280.08 0.0001 8066.18 0.0001 0.3270 0.4489
Block 2 2.17 0.1964 11.16 0.4006 0.0545 0.5229 2 2.18 0.6849 43.48 0.2584 0.8204 0.0058
Error “a” 6 2.65 - 14.22 - 0.1247 - 8 28.37 - 92.43 - 0.6364 - 
Soils 1 0.94 0.2245 9.31 0.2266 0.0033 0.7789 1 1.90 0.4273 5.83 0.5329 0.0952 0.1788
Interaction 3 14.35 0.0064 51.15 0.0868 0.1767 0.2821 4 3.92 0.8355 10.93 0.9352 0.6985 0.0385
Error “b” 8 4.32 - 43.42 - 0.3099 - 10 27.68 - 139.86 - 0.4554 - 
Total 23 1177.13 - 2088.27 - 0.9395 - 29 3344.13 - 8358.71 - 3.0329 - 
C.V 8.04 15.74 2.61 C.V 10.71 15.16 2.72 
R2 0.9963 0.9792 0.6702 R2 0.9917 0.9832 0.8499 
 
 
 
 
 
 
 
 
 
